Rehmannia glutinosa is a traditional Chinese medical herb and has a long history in cognitive deficits therapy. Its therapeutic efficacy has been confirmed by clinical studies. In this study, we attempted to investigate the effects of catalpol, an iridoid from Rehmannia glutinosa, on cognitive and behavioral function of aged rats with memory loss. 22 -24 month Sprague-Dawley spontaneous rats of memory loss with aging were selected by step-down type passive avoidance test and randomly allocated to two groups: the aged rats with memory loss (control group) and the catalpol-treated (5 mg/kg) group. We performed open-field and Y-maze test to evaluate special performance and behavior response before and after catalpol treatment for 5 and 10 days. Growth-associated protein (GAP-43) in hippocampus and frontal cortex was measured using immunohistochemistry and quantitative Western Blotting. The results showed that catalpol could significantly improve not only spatial learning and memory but also locomotor activity and exploratory behavior of aged rats with memory loss. GAP-43 protein in hippocampal CA3 region and dentate granule of catalpol-treated rats was significantly enhanced than that of control group. Western blot analysis demonstrated a catalpol-associated increase of GAP-43 in hippocampus of catalpol-treated rats and correlated with spatial memory, locomotor activity and exploratory behavior. However, there was no difference in GAP-43 protein in frontal cortex between two groups. These results indicated that catalpol could enhance spatial performance and behavioral responses in aged rats with memory loss, and the mechanism may involve up-regulation of GAP-43 level of hippocampus in the brain. It also suggested that catalpol may be a useful natural drug for Alzheimer's disease (AD) treatment by modulating hippocampal neuroplasticity.
Introduction
Declines in cognitive function such as memory loss are common with aging. The age-related memory loss is a normal process of aging but also may be the result of neurodegenerative disorders such as Alzheimer's disease (AD). As the life span is being prolonged with the advance in medical science, the incidence of aged-related memory loss has been dramatically risen.
The cause of aged-related memory loss has been thought a degeneration of brain function of the patients. New treatment strategies of aged-related memory loss based upon a better understanding of the inherent mechanisms of neuroplasticity might provide more rational approaches to deal with it and other neurodegenerative disorders. Neuroplasticity is both a substrate of learning and memory and a mediator of responses to neuronal attrition and injury (compensatory plasticity). Recent experiments by researchers have demonstrated that GAP-43, a molecular marker of central neuroplasticity [1] , decreased in different brain regions in age-related memory loss patients. Although the relationship between molecular neuropathologic changes and cognitive disturbances remains obscure, there is extensive evidence suggesting that dysfunction of the central neuroplasiticity contributes to the cognitive impairment [2] . Rekart et al. observed that reducing hippocampus GAP-43 level contributes to memory impairment in aged-related memory loss [3] . The rapid progress towards understanding the cellular and molecular alterations in neuroplasticity that is responseble for the neuron's demise may help in developing effective preventative and therapeutic strategies, which may modify the traditional pharmaceutical drug devel-opment for aged-related memory loss. To date, there is no convincing evidence of efficacy for any drug.
Rehmannia glutinosa is a traditional Chinese medical herb and has a long history in cognitive defect therapy and its therapeutic efficacy has been confirmed by clinical studies. Catalpol (Figure 1) is a major active ingredient contained richly in the roots of rehmannia glutinosa. The previous work has indicated catalpol is able to increase learning ability of global ischemia model by performing neuroprotective effects [4] , and protect PC12 cells from damage induced by H 2 O 2 [5] . Therefore, we think that catalpol might improve cognition deficits in aged rats with memory loss by performing protective effects.
Since it is well accepted that cognitive impairment observed in aged-related memory loss is associated with decreasing central neuroplasticity, we have reason to assume that catalpol may have effect on neuroplasticity in aged brain if it can increase cognitive function, whereas studies elaborating the role of catalpol in neuroplasticity are completely lacking. In this study, we aim to examine the influence of catalpol on spontaneous aged rats with memory loss on both spatial memory and behavioral responses, which may throw some light on exploring a possible mechanism of catapol action and a promising treatment for AD.
Materials and Methods

Animals and Diets
22 -24 month male rats (Sprague-Dawley, 400 -650 g) and 4-month young male rats (Sprague-Dawley, 300 -350 g) were obtained from the breeding colony of the Dalian Medical University, China. Four rats were housed per cage, and in a controlled environment with a temperature at 21˚C ± 1˚C and a 12/12 h dark-light cycle with light was on at 7 am. The animals had free access to food and water.
Selected Aged Rats with Memory Loss
Step-down type passive avoidance test: The apparatus consisted of acrylic box with a stainless-steel grid floor. A platform was fixed in the end of the box. Electric shocks (36 V) were delivered to the grid floor with an isolated pulse stimulator. At the beginning of training trial, rats were placed in the box to adapt for 3 min. When electric shocks were delivered, rats jumped to platform. The shocks were maintained for 5 min.
Step-down latency (SDL) was recorded within 5 min. A 99% confidence interval based on the mean ±2.58 S.D. of 3-month young male rats was used to select those aged rats that made the SDL under the lower limit of 99% confidence interval. 11 aged rats with memory loss were selected, randomly distributed control group (n = 5) and catalpoltreated group (n = 6) [6, 7] .
Drug Treatment
Catalpol was of analytical grade (purity > 98%) and purchased from National Institute for the Control of Pharmaceutical and Biological products (China) and dissolved in physiological saline. The catalpol-treated animals received daily once intraperitoneal injection of catalpol (5 mg/kg dissolved in a total volume of 1 ml physiological saline), and rats in control group received 1 ml of physiological saline for 10 days.
Behavior Test
Open Field Test
The open-field arena consisted of a 76 × 76 cm quadratic, white wooden box, without a cover, divided into 25 equally sized squares and confined by walls of 40-cm high. Testing was conducted between 9 am to 2 pm, under white light in a quiet room. The observation was held for 5 minutes for three time points: before, 5 days and 10 days after the catalpol intraperitoneal injection. At the beginning of the 5-min session, the rat was placed in the center square of the open field and the number of crossing, number of rearing, and time of entering center scored each min for the 5-min. The scores of crossing and rearing regarded as locomotor scores. Individual controlor catalpol-treated animals were placed gently in the center of the arena and were allowed to explore freely for 5 min before measurement [8] .
Y-Maze Test (Alternative Electro-Stimulus
Y-Maze) The Y-maze test can be used for investigation of electric foot shock-motivated discrimination learning and memory in rats. The Y-maze consisting of three equal arms (45 × 14 × 18 cm 3 ) with a stainless-steel grid floor and black plastic walls was used. A 15W incandescent lamp was located on the end of each arm. One arm compartment was lit and designated as safe zone while the other two were unsafe zones. The apparatus placed on the floor 497 of experimental room. Each rat was placed in one of the arm compartments and was allowed to move freely for 5 min without reinforcers, and arm entry was defined as the body of a rat except for its tail completely entering into an arm compartment. Then they begin to learn a foot shock-motivated spatial alternation.
At the beginning of the training session, a foot shock (30 V, 0.7 -1.5 mA, depending on individual sensitivity) was given in the start arm and the animal had to escape into the bright arm (correct run, no foot shock in this arm), whereas entry into the dark arm (error run) was punished by further foot shock (30 V, 0.7 mA). They soon learn to escape from the dark arms to the bright arm to avoid the pain of foot shocks. In this study, a response was considered to be correct when a rat ran directly to the bright arm within 10 seconds after the onset of foot shocks. Each rat was trained consecutively 20 times. Twenty-four hours after the learning retention (T1), memory retention (R#1) of the Y-maze spatial alternation task was tested using the same behavioral procedure as during training. The learning and memory retention test was run after 5 days (T2, R#2) and 10 days catalpol treatment (T3, R#3) again [9] .
The following parameters were evaluated: number of learning retention errors, number of memory retention errors and percent correction (number of correct/20 × 100).
Slice Preparation
Rats were deeply anesthetized by intraperitoneal injection of ketamine and xylazine as determined by the absent of the tail and paw withdrawal reflex 24 hours after last Y-maze test. Slices were prepared as described [10] . Briefly, perfused transcardially with heparinized saline followed by 4% paraformaldehyde, brain tissue were removed carefully and put quickly into cold physiological saline. The right hemisphere was immediately dissected from the frontal cortex and hippocampus over ice by the Glowinskid method, weighed for chemical analysis. The left hemisphere from aged rats was fixed in 4% paraformaldehyde for 24 h. Tissues were frozen in serial solutions of 10%, 20%, and 30% sucrose and embedded in paraffin, then cut into 8 μm of thickness slices. Thereafter, the slices were immediately transferred to a submerged-type slice chamber and permanently preserved.
All experiments were performed in accordance with the National Institutes of Health guide for the care and use of Laboratory animal (NIH Publications No. 8023) and were approved by the Dalian Medical University, Animals Research Committee. All efforts were made to minimize animal suffering and the number of animals used in this study.
HE Staining
The samples were stained by hematoxylin and eosin (H & E). Briefly, the dried tissue sections were stained with 0.1% Hematoxylin for 5 min, then rinsed in running water for 10 min and distilled water for a few seconds. After rinse with 95% ethanol for 5 s, the sections were stained with 0.5% Eosin for 30 s and dried in series concentrations of ethanol, mounted in neutral gum and examined under a light microscope.
Immunohistochemistry
Tissue sections were deparaffined and stained with the standard immunohistochemical procedures. Firstly, sections were incubated in 3% H 2 O 2 for 30 min at room temperature to block endogenous peroxidase activity. After washing in PBS for 3 times (2 min/time), sections were preincubated with normal goat serum (added with 5% BSA) for 20 min at 37˚C, then incubated with primary antibody, rabbit polyclonal antibody-(GAP-43) (1:400, Boster, China) for 1.5 h at 37˚C, and subsequently incubated with secondary antibody, horseradish peroxidase-labeled goat anti-rabbit(1:2000, Sigma, America) for 30 min at 37˚C after washing 3 times (10min/ time). Peroxidase activity was detected using 3',3'-diaminobenzidine (DAB) technique. Negative controls were carried out by similarly treating adjacent sections and omitting the primary antibody preabsorbed with antigen excess. Images for analysis were randomly selected. Semiquantitative measurements of IR (immunoreactivity) for GAP-43 from hippocampal CA1 region, CA3 region, dentate gyrus (DG) and frontal cortex regions were quantified using computerized image analysis software (Image J Program, NIH, USA). All sections were coded and data analysis was carried out blindly.
Western Blot
Hippocampus and frontal cortex tissue were prepared on 4˚C ice-water and added in schizolysis solution (0.15 M NaCl, 1% Triton X-100, 1% deoxycholow, 0.1% SDS, 10 mM Tris-HCl pH 7.4, 1% phenylmethylsulfonylfluoride), homogenized (10000 r/min, 10 min) with icecold saline to split protein. Then the supernatant were frozen at −20˚C for western blotting analysis. 100 μg of total protein were separated by 12% sodium dodecyl sulfate-polyacrylamide (SDS) gel electrophoresis for 2 h and then transferred to PVDF membrane (Hybond, America) (room temperature, 220 V for 60 min). Equal protein loading was verified by Coomassie Blue Staining. Blots were incubated with polyclonal antibody-(GAP-43) (1:400, Boster, China) diluted in 0.1% phosphate-buffered saline (PBS) containing 0.1% Tween-20 for overnight at 4˚C. After incubation and 3 times washing in 0.1% PBS (10 min/time), the samples were incubated in secondary an-tibody, horseradish peroxidase-labeled goat anti-mouse (1:2000, Sigma, America) and rocked for 1 h at room temperature. After washing 3 times in PBS, membranes were detected via Amersham's Enhanced chemiluminescence kit (Amersham Corp, America)and exposed to Kodak XAR5 films for 30 s -3 min. Likewise, the level of β-actin used as an internal control. Quantitative measurement of protein level was performed using the Image J (NIH).
Statistical Analysis
Statistical analyses were performed using SPSS 10.0 and for all analysis a probability of less than 0.05 was considered as significant. The mean values for the protein levels were computed for the control and catalpol-treated rats for each group. Student's t-test (two tails, unpaired) was used for two-group comparisons. Linear regression analysis was performed on the individual samples to evaluate association between variables. Graphs were plotted using Excel software. The results were reported as the mean ± S.E.M. with the S.E.M. represented graphically by error bars.
Results
Effects of Catalpol on Spatial Learning and Memory
Rats were tested on 3 separate days (before/5 days/10 days after catalpol treatment) in the open field. We aimed to study whether the improvement in learning and memory after catalpol treatment is course-dependent (5 days and 10 days), therefore we did this on the same group of animal rats. After catalpol treatment for 5 days, the number of rearing, crossing and the locomotion scores were markedly increased than aged control group, however, there was no significant difference between catalpol-treated and young control groups on the number of crossing and locomotion scores (Figures 2(a)-(c) ). Moreover, the number of rearing of catalpol-treated for 5 days was significantly lower than that of young control groups. While locomotion scores, the number of crossing square, rearing and entering center time all has been significantly improved compared to aged groups for 10 days treatment.
Entries into the center reflect exploratory behavior. The phenotypic difference in center entries time reflected a raise in exploratory behavior in catalpol-treated rats after 10 days treatment (control group: 0.70 ± 0.23; catalpol-treated group: 0.26 ± 0.14, P < 0.05). In addition, catalpol-treated animals performed a slightly decrease in center entries time after 5 days treatment, and there was no significant difference in between (control group: 1.01 ± 0.27; catalpol-treated group: 0.89 ± 0.16, P > 0.05) (Figure 2(d)) .
The results of spatial learning and memory in y-maze test were shown in Figure 3 . In Y-maze, the number of trial times reached to learning criterion is lower and the rate of correct response to avoid foot shocks is higher in training (T3) and retention (R3) experiment procure for the catalpol-treated rats after 10 days administration compared with aged control group, which indicated catalpol increased spatial learning and memory of aged rats. After 5 days catalpol administration, no significant changes in the number of trial times reached to learning criterion and correct ratio have been observed in catalpol-treated group in training (T2), but correct ratio obviously increased and the number of trial times significantly reduced in retention experiment (R2) in catalpol-treated rats compared with aged control group.
Histochemistry Assay
Microphotographs of neuron structure in rat hippocampus are shown in Figure 4 . In both control and catalpol-treated groups, neurons in rat hippocampal CA1 region organized orderly with clear boundaries, the dark stained nucleus were large and clear with well-distributed chromatin and little perinuclear cytoplasm. In hippocampal CA3 region, neurons in both groups were orderly arranged, cell nuclei were round and dark stained. In addition, the astrocytes in catalpol-treated group were more In both control and catalpol-treated groups, neurons in rat hippocampal CA1 and CA3 region organized orderly. In addition, the astrocytes in catalpoltreated group were more than that in control group. Neurons in dentate granule layer of control group were slightly smaller than that of catalpol-treated group. There were fewer neurons but more polygonal astrocytes in dentate granule layer of catalpol-treated group compared to that of control group. DG, dentate granule layer. Scale bars: 200 μm.
than that in control group. Neurons in dentate granule layer of control group were slightly smaller than that of catalpol-treated group. There were fewer neurons but more polygonal astrocytes in dentate granule layer of catalpol-treated group compared to that of control group.
Effects of Catalpol on GAP-43 Protein Levels in Hippocampus and Frontal Cortex
The distribution of GAP-43 protein containing neurons in the hippocampus was shown in Figures 5 and 6 . After catalpol treatment for 10 days, GAP-43 expression in hippocampal CA3 and dentate granule layer was significantly enhanced compared to untreated aged rats. In contrast, levels of GAP-43 protein in the hippocampal CA1 region were not significantly different between catalpol-treated and untreated groups ( Figure 5 ). Since there was no significant difference of GAP-43 expressed in frontal cortex (data not shown), the neurons with GAP-43 IR in the hippocampus were further observed and quantified. As shown in Figure 6 , quantification of GAP-43 protein in hippocampal CA3 region and dentate granule layer revealed remarkable increase in catalpol-treated rats (P < 0.05). There was no difference in levels of GAP-43 protein in CA1 region between control group and catalpol-treated group (P > 0.05).
Western blot analysis demonstrated a catalpol-associated increase of GAP-43 in hippocampus after 10 days treatment than that of control group (P < 0.01) (Figures  7(a) and (c) ). However, there was no significant difference in GAP-43 protein expression frotal cortex between the untreated and catalpol-treated groups (Figures 7(b)  and (d) ). 
Correlation between GAP-43 Protein Expression and Spatial Task
The hippocampal GAP-43 protein level was correlated with scores of locomotion (r = 0.850, P = 0.032) (Figure  8(a) ) and entering center time (r = −0.936, P = 0.006) (Figure 8(b) ) in open-field test. Increasing in GAP-43 protein in hippocampus was also correlated with the reduction of percent errors in memory retention (R#3) in Y-maze test after 10 days catalpol treatment (r = 0.821, P = 0.045) (Figure 8(d) ), but not with that in learning retention (T3) (r = 0.596, P = 0.212) (Figure 8(c) ).
Discussion
Animal models have played a major role in studying the behavioral and neuronal mechanisms underlying drug effects [11] . In the present study, we aimed to determine whether catalpol can regulate central neuroplasticity in aged rats with memory loss. Aging has negative effects on neuroplasticity and consequently, on learning and memory. For example, a study has showed that there is reduction of GAP-43 levels in hippocampus of aged rats [12] . The decreased capacity for plasticity with age might represent a continuous process of which aged-related memory loss is an inevitable endpoint. Nowadays there is consensus that age-related changes in the neuroplasticity may play an important role on the on-set and progression of aged-related memory loss [13] . Based on that, we used spontaneous aged rats, which could fully exhibit the age-related typical neuroplasticity changes and impairment in tasks of spatial learning, attention and memory [11] .
Catalpol Increases Spatial Performance and Behavior Response
Previous studies have shown that catalpol treatment of ischemic animal models can increase cognition on the Y-maze [4] . In the present study, we confirmed that catalpol can reverse spatial learning and memory deficits and demonstrated the effects of catalpol on behavioral dysfunction of aged rats with memory loss.
We used Y-maze to investigate the role of catalpol on special memory in aged rats. Y-maze is widely used for identification of discrimination learning, spatial alteration tasks, working and reference memory, particularly as an evaluating test of memory function in AD [9] . Numerous studies have reported the aged rats and transgenic rats of AD models displayed a severe deterioration in the spatial learning and memory on the Y-maze [14, 15] . Our results showed that catalpol could decrease the number of trials to reach learning criterion and reduce the times of mistake, as well as improve the correct ratio of escaping foot shocks in Y-maze task during training and retention experiment procedure after 10 days treatment, which indicated catalpol can ameliorate the impairment of spatial learning and memory of aged rat. Cui et al. has reported rehmannia could improve the function of learning and memory of AD rats, like decreasing the times of mistakes and prolonging the incubation period in step down task, shortening the incubation period of seeking the platform, and improving the rate through the platform position in Morris water maze task [16] . Similarly, the learning and memory of aged rats treated with rehmannia compound also have been improved [17] . Wang et al. pointed out that catalpol could improve memory and protects the forebrain neurons from neurodegeneration through increasing brain-derived neurotrophic factor (BDNF) expression [18] . Although there are few studies on the effect of catalpol on memory deficits of aged rats with memory loss, our previous studies have found an increase in spatial memory in ischemic animal models that have received catalpol treatment [4, 19] . Together with our present experimental results, it seemed that catalpol may play an important role on memory deficits induced by injury and aging and it may reverse age-associated spatial memory abnormalities of aged models.
The progressive impairment of cognitive functions in aged often parallels with other abnormal behavior functions such as exploratory, attention and emotion [11] . In this study, we used open-field test to investigate the behaviors in aged rats. The open-field test is the most widely test in animal psychology, which is used to measure locomotor activity and exploratory [8] . Some studies demonstrated that both locomotor activity and exploratory, which reflected responses to novelty, were reduced in aged animal models with memory loss [20] .
The evaluation of the different behavioral measurements obtained in the open-field test provided clear evidence that application of catalpol would induce obvious behavioral alteration. Catalpol-treated animals performed high scores of locomotor and shorter entering center time, which were involved in the magnitude of activity and exploratory motivation, respectively. These new finding demonstrated that catalpol could prevent behavioral deficits in an aged model. gulation. To determine whether catalpol could influ-ence neuroplasticity, we examined the GAP-43 level in hippocampus and frontal cortex of aged rats that received catalpol administration. GAP-43 is a growth-associated phosphoprotein expressed at high levels in neurons during development, axonal regeneration, and neuritic sprouting, which is probably functionally important for the structural remodeling of synapses as required for learning and establishing new memory. It is involved in maturational and plasticity-associated processes, and changes in GAP-43 expression are a marker of altered plasticity following experimental and neuropathological lesions [21] .
In immunohistochemistry, we found that there was a clear raise of GAP-43 level in the hippocampus after catalpol treatment. Semi-quantitative analysis showed that GAP-43 IR in hippocampal CA3 region and dentate gyrus in the hippocampus had been markedly increased. The results of western blotting were consistent with the immunohistochemical results, i.e., increased levels of GAP-43 in hippocampus. Previous analysis has shown that GAP-43 is significantly lower in aged rats than controls in the hippocampus [21] . The finding is supported by the majority of studies investigating the levels of GAP-43 in various brain regions of AD patients [22, 23] . We once hypothesized that catapol could increase presynaptic proteins and up-regulate relative signaling molecules in the hippocampus of the aged rats [10] . Downregulated and aberrant neuronal GAP-43 expression appears to indicate an important molecular lesion that precedes and progresses with the widespread synaptic disconnection and dementia in AD [24] . Our results showed that the decreased GAP-43 level in aged rats can be ameliorated, at least in part of, by catalpol, which suggests that catalpol may overcome some age-related deficits in neuroplasticity.
Previously experiments showed that GAP-43 was also significantly lower in aged rats in the frontal cortex [21] . However, we did not find catalpol increase GAP-43 protein levels in frontal cortex, which suggested that catalpol may mainly affect hippocampal neuroplasticity. One explanation of why neurons in hippocampus and frontal cortex respond to catalpol differently may be the selective neuronal vulnerability to aging. Brain regions, particularly those involved in learning and memory, which demonstrate neurons within the entorhinal cortex (EC) and hippocampus degenerate in AD are particularly vulnerable to the consequences of chronic neuroinflammation and aging [25] . Evidence for loss of hippocampal neuroplsticity is common in the brain of aged dementia patients [22] . These results indicate that intrinsic differences of brain regions in the neuronal vulnerability linked to neuroplasticity may account for selective action of catalpol. Neurons with a high degree of vulnerability to aging are apt to respond to catalpol. Indeed, even within highly vulnerable regions, such as hippocampus, neurons are affected to a variable extent, which may explain why catalpol selectively increases GAP-43 expression in CA3 and DG regions. It has been documented that selective susceptibility affects hippocampal regions to a different extent. CA3 pyramidal cells were mostly affected in normal aging and following hypobaric hypoxia, whereas CA1 cells were especially affected following corticosterone administration, global ischemia and ChE inhibition [26] . The hippocampal CA3 and DG neurons are particularly vulnerable to degeneration and death in association with aging, whereas CA1 neurons show little evidence of degeneration during normal aging or in aged dementia [27] . One study has showed that the baseline levels of GAP-43 mRNA decreased with age, especially in the CA3 region [12] . Therefore, these results indicated that neuroplasticity of some regions in the brain vulnerable to age-related degeneration is more likely to recover after catalpol treatment.
Increased Hippocampal Levels of GAP-43 Are Correlated with Spatial Memory and Behavior Response
The present results also suggested that little difference in hippocampal GAP-43 expression could be critical for spatial performance and behavior response in aged rats with memory loss. Correlation analysis showed that the increased hippocampal levels of GAP-43 induced by catalpol treatment was associated with spatial memory performance, those rats with higher hippocampal GAP-43 expression required less trial times to reach learning criterion, and they showed more correct response to avoid foot shocks in the retention experiment. Studies by others have suggested the amount of GAP-43 in the hippocampus is significantly correlated with performance in the memory task [3, 28] , and they are consistent with our findings. We can draw a conclusion that catalpol may increase memory by up-regulating GAP-43 level in the hippocampus of aged dementia rats. Data from our studies provided an indirect evidence to support the hypothesis that the level of GAP-43 would determine the achievement level of memory-associated performance.
Results also showed that the increased hippocampal GAP-43 is positively correlated with locomotor scores and reversely associated with the time entering center. Animals with higher GAP-43 levels performed better locomotor activity and exploratory behavior in open field test. Our data provided the first evidence of a possible role for catalpol in the rescuing behavioral deficits in aged animals by affecting hippocampal GAP-43 level.
Since there are few studies about the involvement of GAP-43 level and behavioral response, further studies are required to clarity the interaction between behavioral function, GAP-43 expression and catalpol. The current data at least supported a new concept that catalpol can increase GAP-43 levels of hippocampus, consequently block loss of neuroplasticity and rescue behavior deficits in aged rats.
Thus, it is speculated that catalpol may enhance spatial memory and behavior response of aged rats via upregulating GAP-43 level in hippocampus，particular in some regions such as CA3 and DG. The increments in GAP-43 expression will act to enhance the network plasticity potential on affected regions. One potential mechanism of catalpol leading to the observed increase of hippocampal neuroplasticity can be that catalpol can boost deafferentation resulting from plasticity. Indeed, just such a response of deafferentation has been observed in PC12 cells of catalpol-treated [29] .
Certainly, our new findings only initially suggested a positive role of catalpol on age-related loss of neuroplsticity as many other factors may participate in neuroplasticity loss in aged-related memory loss process. In addition, Y-maze test only evaluate some aspects of cognitive function. Further studies are needed to examine the effect of catalpol on cognitive deficits and neuroplasticity loss using AD models and stronger learning tests.
In conclusion, the present results provided evidence to support memory enhancing effects of catalpol and suggested catalpol may have a potential effect on improving behavior response of aged-related memory loss. The more important contribution of the present study is to demonstrate that the protecting effect of catalpol on neuron is, in part of, due to neuroplasticity alterations via up-regulating GAP-43 level in hippocampus. The results suggested catalpol may be a useful natural drug for memory loss with aging treatment by modulating hippocampal neuroplasticity.
